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Introduction
In the previous RAN1 meetings during a number of agreements on the 2-step RACH work item [1] have been reached. These agreements and working assumptions from RAN1#96 [2], RAN1#96bis [3] RAN1#97 [4], and RAN1#98 [5] are listed in the appendix of this document for reference.
A number of the agreements from RAN1#97 and from RAN1#98 contains some FFS points which will be discussed in this document. Further, we will provide some further discussion on topics that need further consideration for the progression of the work item.
Discussions
Details of MsgA PUSCH configuration 
At RAN1#98, the discussions on the configuration for the MsgA PUSCH resulted in a set of common parameters, but one aspect that is still pending is whether it should be possible to configure different periodicities for MsgA PRACH and PUSCH and how to address potential overlapping instances of MsgA PRACH and PUSCH. For the question as to whether it should be possible to configure different periodicities for Msg A PRACH and PUSCH, it should be observed that having different periodicities would cause an additional challenge for the coupling between the preamble transmission and the PUSCH transmission, since there may be a non-constant amount of PRACH preambles needing mapping to the MsgA PUSCH resources for different time instants. This would especially be the case for situations where there is not an integer amount of PRACH occasions per PUSCH occasion (or vice versa). Further, it should be noted that if different periodicities are allowed, there will be an associated variability in the experienced delay for delivering the MsgA towards the gNB. Hence, based on the above, we propose to have only support for same value of periodicities for MsgA PRACH and PUSCH.
Proposal 1: MsgA PRACH and PUSCH should operate using the same periodicity only.
From RAN1 #97, there is an open point related to “FFS whether or not support repetitions for msgA PUSCH”. In the current RACH procedure design for NR it is not possible to have repetitions configured for Msg3 transmissions. It should be noted that in case MsgA PUSCH should have the possibility for repetitions, such operation would significantly increase the overhead needed for the 2-step RACH procedure. Any MsgA PUSCH resources that are configured for the 2-step RACH operation will have to be reserved from system point of view and would increase the system overhead depending on the number of allowed repetitions with marginal benefit. If a UE is in coverage challenged situations, it should be allowed to perform normal 4-step RACH, where the scheduling of Msg3 would allow for more flexibility in terms of providing the needed coverage through better control of interference and power control.
Proposal 2: MsgA PUSCH should not support repetition.
Also, from RAN1#97 and RAN1#98, there is another open item related to “FFS bandwidth of PRB-level guard band or duration of guard time”. When observing the work item description [1], there is strict RAN plenary guidance through the following: “	No new CP length and no sub-PRB guard subcarrier(s)”. Based on this, it would be natural to consider any guard bands or guard time to be applied with the granularity of either PRBs for the frequency domain or symbols for the time domain. With respect to the frequency domain, a guard band of a single PRB should be sufficient for ensuring gNB possibility for filtering the MsgA PUSCH from regular scheduled PUSCH transmissions. For some cases the gNB may have capability of handling concurrent UL transmissions with no guard band between MsgA PUSCH and scheduled PUSCH, and for such cases it would be beneficial to support no guard band to reduce the associated overhead of the 2-step RACH configuration.
Proposal 3: Support the configurable existence of a frequency domain guard band of at maximum 1 PRB.
In the time domain the configurability for guard time need to take into consideration the fact that various cell sizes may need to be supported. If only a single guard time is available, this would need to take into account all possible cell sizes, which would lead to a significant guard time to be needed to ensure protection against inter-symbol interference and inter-carrier interference. However, for smaller cells it would be more beneficial from system overhead point of view to be able to support much smaller guard time to accommodate for the potential propagation delay within the cell range. Preferably, there should be some granularity for the gNB to configure according to various cell sizes, including the possibility for configuring for no guard time. In the upper range, we would propose to support guard times of half and full slot as well. Hence, we propose the following:
Proposal 4: Support a gNB configurable guard time with the following range: {0, 1, 2, 3, 4, 7, 14} symbols.
As highlighted in the RAN1#98 outcome, there is the open question on how to address potential overlapping POs. Since the earlier discussion has been related to the respective starting points of the occasions (PO and RO), one approach could be to let the ROs and the POs be consecutive in time. That is, each PO will follow each other without any possibility of overlap. This is illustrated in Figure 1 where it is seen that each PO is defined from the first PO’s starting point relative to the start of the first RO. Subsequent PO’s will be offset in time according to the time duration of each PO. The assumption for this approach is that each PO will have the same duration in the time domain.


[bookmark: _Ref20859265]Figure 1: Illustration of the possible options for defining the POs in a consecutive manner, while still using the starting slot of the PO as a reference.
Proposal 5: When mapping POs to slots, only designated UL slots should be considered as valid
Proposal 6: POs should be deferred rather than dropped in case of overlapping with other ROs or POs.
Proposal 7: If a PO overlaps with that of a previous slot, the first PO is delayed to the earliest UL slot that doesn’t overlap with POs of a previous slot.

Considerations related to support for multiple MsgA PUSCH Configurations
One outcome from the e-mail discussion after the RAN1#98 meeting was to support at least up to two MsgA PUSCH configurations for Rel-16. In connection to this, some details of configuration is still open. According to our understanding, the various MsgA PUSCH configuration options would be provided to allow for flexibility in UE to select transmission configuration according to one or more of the following; channel conditions including coverage situation, MsgA payload size, 2-step RACH trigger, etc. Since each of the transmission conditions might have different reasoning, it would provide best flexibility for the gNB to configure each MsgA PUSCH configuration as independent entities. Further, the expected payload sizes for each RRC connection state (IDLE, INACTIVE, CONNECTED) and relative coverage would potentially be significantly different. Hence, we would propose the following:
Proposal 8: Each MsgA PUSCH configuration is configured independently, such that there is no sharing of parameters between configurations.
The outcome of a recent e-mail discussion on the possible RRC parameters needed for configuring and controlling the 2-step RACH procedure, there is one parameter being discussed for capturing the MsgA PUSCH configuration(s), which is denoted with the tentative parameter value ´[msgA-PUSCH-configList]´, where the description for this parameter reads: ´To support multiple msgA PUSCH configurations. [maxmsgA-PUSCH-Configs] is at least 2 for RRC_IDLE/INACTIVE and RRC_CONNECTED state. (FFS other value) MsgA-PUSCH-config includes the following parameters which are noted as “per configuration”.´ From this description it is not uniquely defined whether the at least 2 for RRC_IDLE/INACTIVE and RRC_CONNECTED state refers to the combined set of states or if the value of at least 2 refers to each state. Hence, for clarification, we propose the following:
Proposal 9: Each RRC state, that is, RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED should have possibility for at least two independent MsgA PUSCH configurations.
[bookmark: _GoBack]With respect to how the UE should indicate which of the configured MsgA PUSCH configurations is used. The e-mail discussion outcome provided four different options for indicating the used MsgA PUSCH configuration. According to our understanding, the down selection for this specific situation needs to consider whether there is only two configurations or if there are more than two possible configurations. Using different RO for the indication would potentially force the gNB to reserve a full set of PRACH for each potential UL transmission configuration for MsgA, which might lead to significant resource reservation. On the other hand, having a single RO where the different configurations are indicated through the preamble group might cause a segmentation of the total set of preambles into relatively small sets of preambles, which in turn increases the probability for preamble collision significantly. As a compromise solution, one could consider to use preamble groups for situations where up to two MsgA PUSCH configurations are provided, while for situations with multiple PUSCH configurations, the gNB might have benefit from additional assistance information through UCI, where the UE provides indication of the actual MsgA PUSCH configuration used.
Proposal 10: When up to two MsgA PUSCH configurations are provided, use preamble groups to indicate which PUSCH configuration is used.
Proposal 11: With three or more MsgA PUSCH configurations, use UCI to indicate the configuration used for the transmission.
One remaining point in the MsgA PUSCH configuration discussion is how to facilitate the UE selecting the correct PUSCH configuration from the configured set. As the detection/decoding performance of the received data will depend strongly on a combination of received SINR and the associated MCS of the transmitted data, it would be beneficial if the gNB had the possibility to configure which parameters need to be fulfilled prior to using a given MsgA PUSCH configuration.
Proposal 12: Each MsgA PUSCH configuration should have an associated set of parameters that need to be met prior to the UE transmitting using such configuration. Parameters could be defined in a combination of payload size, RSRP, RSRQ, etc.
Operation of MsgA PUSCH Configurations
One open point from the RAN1#97 is whether the frequency domain allocation for the MsgA PUSCH transmission should be confined to the bandwidth of the PRACH. As this point of transmission, the UE would be operating with an active BWP configuration, so its output bandwidth should already be tuned to the active BWP. Hence, it would be an unnecessary limitation to put on the system that the PUSCH bandwidth should follow the bandwidth of the PRACH. Further, since the PUSCH may potentially carry relatively large payload messages, the PUSCH may potentially need much more physical resources to be able to support transmission with a given payload size and under given radio conditions. Given this, there would be some situations where the required bandwidth of the PUSCH transmission would need to exceed the bandwidth of the PRACH transmission.
Proposal 13: MsgA PUSCH bandwidth may be larger than the PRACH bandwidth.
In terms of the validation rule for the MsgA PUSCH, it would be logical to follow the general principles of the validation rules for the PRACH Occasions for Rel-15, as outlined in section 8.1 of 38.213. Here, there are limitations to the validity of the PRACH Occasion for the unpaired spectrum, where limitations such as availability of UL symbols and limitations related to SS/PBCH block timing are applied to determine whether a PRACH Occasion is valid or not. As there are now two UL transmission instants (the PRACH and the PUSCH Occasions), there is one further potential conflict which needs to be addressed. If the MsgA PUSCH Occasions are colliding with the PRACH Occasions, it would be natural to let the PRACH Occasions take priority, as this would allow for the transmission of preambles, even that the payload would potentially not be transmitted. Such operation would allow for 4-step RACH operation, so the PRACH Occasions should take priority over any added functionality of the 2-step RACH. Further, there could be situations with separate configurations for 2-step and 4-step procedure, where the PRACH Occasions are on colliding. For such cases, the resource configuration for 4-step procedure should take priority to allow for the most robust operation of the system. 
Proposal 14: Follow Rel-15 PRACH Occasion validation principles for the MsgA PUSCH Occasions.
Proposal 15: If a MsgA PUSCH Occasion or a 2-step PRACH Occasion collides with existing 4-step PRACH Occasions, the existing 4-step PRACH Occasions should take priority and the 2-step PRACH occasion is deferred to the next valid UL slot. If MsgA PUSCH Occasion collides with a 2-step PRACH Occasion, the 2-step PRACH Occasion should take priority and the 2-step PRACH occasion is deferred to the next valid UL slot.

DMRS sequenec discussion
In the RAN1#98, there was agreement to support both DMRS ports and sequences. In our companion contribution [9] we present simulation results on the performance of applying multiple DMRS sequences, and it has been shown that at most three DMRS sequences could be considered without too much performance degradation. When applying 4 DMRS sequences on the same antenna port, there would be a significant performance degradation. Hence, we propose the following:
Proposal 16: Support at maximum 3 DMRS sequences.

Preamble mapping
At RAN1#98 there was an agreement to confirm the working assumption of supporting one-to-one and multiple-to-one mapping from preamble to MsgA PUSCH. There is still an open point to consider if one-to-multiple mapping should be supported. The impact of supporting one-to-multiple mapping means that when a gNB detects a given preamble, there is no unique mapping to which resource it should monitor for the actual MsgA PUSCH transmission. Such operation would lead to additional processing burden at the gNB side while at the same time increasing the probability of a missed detection, as the gNB would have to do hypothesis testing between the possible candidates for the MsgA PUSCH transmission.
Proposal 17: No support for one-to-multiple mapping when considering the mapping from preamble to MsgA PUSCH configuration.
Preambles corresponding to the same SSB mapped to the same PUSCH resource unit can correspond to different narrow beams that are included within the wide beam of the preamble (see our companion contribution [10]). For example, if preamble x1 and x2 corresponding to the same PUSCH resource unit are received, the PUSCH transmission corresponding to preamble x1 is received on narrow beam b1, while the PUSCH transmission corresponding to preamble x2 is received on narrow beam b2, the PUSCH transmissions are spatially separated in the receiver and can be decoded with minimal interference on each other.
Proposal 18: Preambles corresponding to the same SSB mapped to the same PUSCH resource unit can correspond to different narrow beams that are included within the wide beam of the preamble.
Alternatively, it is possible to map preambles corresponding to different SSBs and/or different ROs to the same PUSCH resource unit. As the PUSCH transmission of each preamble corresponds to a different SSB beam direction, the PUSCH transmissions are spatially separated in the receiver and can be decoded with minimal interference on each other.
To illustrate the mapping with a simple example, consider 2 PRACH Occasions, and 4 PUSCH Occasions, as shown in Figure 2. Each PRACH Occasion has 64 preambles, and 2 SSBs are mapped to a PRACH Occasion. Each PUSCH Occasion has 8 PUSCH Resource units. In total there are 4 SSBs across the 2 ROs, each SSB has 32 preambles. The preambles of each SSB are divided into 4 groups with 8 preambles per group. Each group is mapped to a different PUSCH Occasion, where each preamble within a group is mapped to PUSCH resource unit. In this example, there are a total of 128 preambles, and 32 PUSCH resource units, each PUSCH resource unit as 4 preambles mapped to it associated with different SSBs.


[bookmark: _Ref16798255]Figure 2: Mapping preambles within ROs and associated with SSBs to PUSCH Occasions.
Proposal 19: Preambles corresponding to different SSBs and/or ROs can be mapped to the same PUSCH resource unit.
If the 2-step RACH procedure is configured for multiple-to-one operation, there is still a risk of collision on a PUSCH Resource Unit. Such risk of collision would be controlled by the network through the value of P, and the effect of such collisions would potentially be marginal, as fall-back procedures would anyway capture such cases as also discussed in our earlier contribution [7].

Payload size support
During the past few meetings there has been a discussion as to which payload sizes should be supported. In our companion contribution [9], simulation results have been provided, where it is observed that increasing the payload size significantly beyond 72 bits would cause a corresponding increase in the needed physical resources for successful transmission of the PUSCH part of MsgA. As an example, a payload size of 408 bits would require at least 6 PRBs to ensure a BLER of at most 1% for a SINR at 0.3 dB for a single UE allocation within each resource. According to these simulations it is possible to multiplex two UEs different antenna ports or DMRS sequences with an increase in SINR requirements of up to 0.8 dB. Increasing number of UEs further would significantly worsen the performance of the detection reliability. Hence, we would assume that at most two UEs are multiplexed for PUSCH MsgA transmissions using either separate DMRS ports or DMRS sequences.
With a requirement of 6 PRBs (effectively 3 PRBs using multiplexing of two UEs within the same resources using DMRS for separation) for transmission of 408 bit payloads, the total resource overhead for PUSCH MsgA transmissions will become significant.
With 2-step RACH support for 32 preambles and one-to-one mapping between preamble and PUSCH resource for MsgA transmission, a total of 96 PRBs would have to be reserved and blocked from any other uplink use. With PUSCH MsgA resources being available using a periodicity of 10 or 20 ms, within a 20 MHz bandwidth, the reserved resources for this operation would be 10% or 5% respectively. One could argue that larger periodicities could be applied to reduce the associated overhead for resource reservation, but such larger periodicities would map into corresponding larger access delays, which in turn would be in contrast to the target of reducing the access delay by using 2-step RACH procedure.
Based on the above discussion it is therefore proposed to limit the supported payload size to 72 bits.
[bookmark: _Hlk16846314]Proposal 20: Prioritize the maximum PUSCH MsgA payload size to 72 bits.

Conclusions
In this contribution, we make the following proposals:
Proposal 1: MsgA PRACH and PUSCH should operate using the same periodicity only.
Proposal 2: MsgA PUSCH should not support repetition.
Proposal 3: Support the configurable existence of a frequency domain guard band of at maximum 1 PRB.
Proposal 4: Support a gNB configurable guard time with the following range: {0, 1, 2, 3, 4, 7, 14} symbols.
Proposal 5: When mapping POs to slots, only designated UL slots should be considered as valid
Proposal 6: POs should be deferred rather than dropped in case of overlapping with other ROs or POs.
Proposal 7: If a PO overlaps with that of a previous slot, the first PO is delayed to the earliest UL slot that doesn’t overlap with POs of a previous slot.
Proposal 8: Each MsgA PUSCH configuration is configured independently, such that there is no sharing of parameters between configurations.
Proposal 9: Each RRC state, that is, RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED should have possibility for at least two independent MsgA PUSCH configurations.
Proposal 10: When up to two MsgA PUSCH configurations are provided, use preamble groups to indicate which PUSCH configuration is used.
Proposal 11: With three or more MsgA PUSCH configurations, use UCI to indicate the configuration used for the transmission.
Proposal 12: Each MsgA PUSCH configuration should have an associated set of parameters that need to be met prior to the UE transmitting using such configuration. Parameters could be defined in a combination of payload size, RSRP, RSRQ, etc.
Proposal 13: MsgA PUSCH bandwidth may be larger than the PRACH bandwidth.
Proposal 14: Follow Rel-15 PRACH Occasion validation principles for the MsgA PUSCH Occasions.
Proposal 15: If a MsgA PUSCH Occasion or a 2-step PRACH Occasion collides with existing 4-step PRACH Occasions, the existing 4-step PRACH Occasions should take priority and the 2-step PRACH occasion is deferred to the next valid UL slot. If MsgA PUSCH Occasion collides with a 2-step PRACH Occasion, the 2-step PRACH Occasion should take priority and the 2-step PRACH occasion is deferred to the next valid UL slot.
Proposal 16: Support at maximum 3 DMRS sequences.
Proposal 17: No support for one-to-multiple mapping when considering the mapping from preamble to MsgA PUSCH configuration.
Proposal 18: Preambles corresponding to the same SSB mapped to the same PUSCH resource unit can correspond to different narrow beams that are included within the wide beam of the preamble.
Proposal 19: Preambles corresponding to different SSBs and/or ROs can be mapped to the same PUSCH resource unit.
Proposal 20: Prioritize the maximum PUSCH MsgA payload size to 72 bits.
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A	Appendix
In RAN1#96 [2], the following agreements related to the 2-step RACH structure were made:

R1-1903435
Agreements:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission associated with a PRACH preamble in msgA
· Consider the following methods for PUSCH occasion of msgA transmission:
· Opt 1: PUSCH occasions are separately configured from PRACH occasions
· For one PUSCH occasion, it is derived based on:
· Alt 1: reuse the resource allocation for NR configured grant in principle
· Alt 2: other potential configurations (e.g., reuse semi-static SFI + BWP,  reuse PRACH RO, etc.)
· FFS detailed association rule between the PRACH and PUSCH for msgA transmission
· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.
· Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.
· Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.
· Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.
· Note: The time and frequency relation is not required to be the same alternative.
· FFS detailed mapping between preamble and PUSCH resource + DMRS
Agreements:
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 
· Consider the following numerology for msgA PUSCH (for possible down-selection)
· Alt 1: ​follow the numerology configured for the UL BWP
· FFS initial vs. active UL BWP
· Alt 2:  same as msgA preamble numerology at least for some cases
· E.g., when short preamble is used (L=139)

In RAN1#96bis [3], the following agreements related to the 2-step RACH structure were made:
Agreements:
· One or more PUSCH occasion(s) within an msgA PUSCH configuration period are configured.
· FFS msgA PUSCH configuration period, e.g. 
· For opt. 1 with separate PUSCH configuration, msgA PUSCH configuration period may or may not be the same as PRACH configuration period
· For opt. 2 PUSCH configuration with relative location, msgA PUSCH configuration period is the PRACH configuration period
Agreements:
· PUSCH resource unit for 2-step RACH is defined as
· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence 
· The DMRS sequence generation mechanism should follow Rel.15.

Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis

Agreements:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported

R1-1905878
Agreements:
· Adopt the following table for the link-level evaluation:
	Parameters
	Values 

	The number of PUSCH symbols & PUSCH mapping type
	14, Type A;
[6], Type B as optional

	1) Total Number of PRBs for msgA PUSCH
Or 
2) number of PRBs per PUSCH occasion 
Note: either of them should be aligned for scheme comparison
	[6, 12]
Or 
[1,2,3]

	PUSCH DMRS overhead
	[2 or 3] DMRS symbols

	Frequency hopping for msgA PUSCH
	Company report, enabled/disabled

	Preamble format
	Format 0/[A1]; [32, 64] preambles in each RO.
Other preamble formats or number of preambles are not precluded
Note: company report number of SSBs per RO

	Number of UEs
	1 as a starting point;
FFS: 2 or more for evaluation of shared PUSCH occasion or can be reported
Power modelling for FFS (Note: before the FFS is resolved, companies to report the detailed modelling)
FFS: interference from the adjacent PUSCH resource occasion, including how to model relative SINR, timing, etc.

	TBS
	1) 56 72 bits as starting point for minimum payload size, other values are not precluded
2) Company report for the evaluation of payload size



In RAN1#97 [4], the following agreements related to the 2-step RACH structure were made:

Agreements:
· The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location), at least include:
· MCS and/or TBS (to be further decided)
· Number of FDMed POs 
· POs (including guard band or guard period, if exist) under the same msgA PUSCH configurations are consecutive in frequency domain
· Number of PRBs per PO
· Number of DMRS symbols/ports/sequences (if support) per PO
· FFS whether or not support repetitions for msgA PUSCH
· FFS bandwidth of PRB-level guard band or duration of guard time
· FFS PUSCH mapping type
· Parameters specific to option 1, at least include:
· Periodicity (msgA PUSCH configuration period)
· FFS value range 
· Offset(s) (e.g., symbol, slot, subframe, etc.) 
· Time domain resource allocation, details FFS, e.g., in a slot for msgA PUSCH: starting symbol, number of symbols per PO, number of time-domain POs, etc.
· Frequency starting point
· Parameters specific to option 2, at least include:
· Single time offset (combination of slot-level and symbol-level indication) with respect to a reference point
· FFS, e.g., each PRACH slot (e.g., start or end of the PRACH slot), etc.
· Number of symbols per PO 
· FFS explicit or implicit indication
· Single frequency offset with respect to FFS (the start of the first RO in frequency or the end of the last RO in frequency)
· FFS: Number of TDMed POs
· Support multiple msgA PUSCH configurations for a UE
· FFS the maximum number of configurations
· FFS which parameters, if any, are common for all configurations
· FFS indication of different msgA PUSCH configurations, e.g. by different ROs, by different preamble groups, or by UCI
· FFS whether or not resources for different msgA PUSCHs can be overlapped in time-frequency, and if so, any spec impact
· FFS whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH
· FFS validation rule of msgA PUSCH

R1-1907903	Feature lead summary#3 for 2-step RACH channel structure	ZTE
Decision: The document is noted.

Agreements:
· The c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID (which can be  cell ID or configurable, to be FFS).
· FFS details of the RNTI
· FFS the inclusion of DMRS index.

In addition, at RAN1#98 [5], the following was agreed:

R1-1909478	FL Summary of Channel Structure for 2-step RACH	ZTE
Agreements:
· The following parameters are further defined per msgA PUSCH configuration 
· Common parameters for both option 1 (separate configuration) and option 2 (relative location)
· Number of slots (in active UL BWP numerology) containing one or multiple POs, each slot has the same time domain resource allocation
· Number of time domain POs in each slot
· POs including guard period are contiguous in time domain within a slot
· SLIV-based, indicating the start symbol of the first PO in each slot, and the number of occupied symbols of each PO in time domain
· the number of occupied symbols excludes the guard period
· PUSCH mapping type A or B
· Configurable guard period, value range in the unit of symbols FFS
· Frequency start point with respect to the first PRB of the active UL BWP
· FFS: configurable PRB-level guard band, up to 1 PRB

Agreements:
· At least support same configuration periodicity for msgA PRACH and PUSCH
· Single time offset with respect to the start of each PRACH slot, counted as the number of slots (based on the numerology of active UL BWP) 
· Note: The symbol level offset is implied in SLIV-based indication
· FFS how to handle the overlapping between POs
· FFS whether and how to support different configuration periodicities

Agreements:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
· FFS whether/how to support multiple sequences for DFT-s-OFDM
· The conditions under which only DM-RS ports are to be specified. FFS details
· Confirm the working assumption that both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU) are supported
· Configurable number of preambles (including one or multiple) mapped to one PRU, explicitly or implicitly
· FFS 1-to-multiple mapping
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1


 


Introduction


 


In the 


previous 


RAN1 meetings during a number of agreements on the 2


-


step RACH work item 


[1]


 


ha


ve


 


been reached. 


These agreements and working assumptions from RAN1#96 


[2]


, RAN1#96bis 


[3]


 


RAN1#97 


[4]


, and RAN1#98 


[5]


 


are 


listed in the appendix of this document for reference.


 


A number of the agreements from RAN1#97 


and from RAN1#98 


contains some FFS points which will be discussed in 


this document. Further, we will provide some 


further discussion on topics that need further consideration for the 


progression of the work item.


 


2


 


Discussion


s


 


2.1


 


Details of 


MsgA PUSCH configuration


 


 


At RAN1#98, the discussions on the configuration for the MsgA PUSCH resulted in a set of common param


eters, but 


one aspect that is still pending is whether it should be possible to configure different periodicities for MsgA PRACH and 


PUSCH and how to addre


ss potential overlapping instances of MsgA PRACH and PUSCH. For the question as to whether 


it should be possible to configure different periodicities for Msg A PRACH and PUSCH, it should be observed that having 


different periodicities would cause an additi


onal challenge for the coupling between the preamble transmission and the 


PUSCH transmission, since there may be a non


-


constant amount of PRACH preambles needing mapping to the MsgA 


PUSCH resources for different time instants. This would especially be the 


case for situations where there is not an integer 


amount of PRACH occasions per PUSCH occasion (or vice versa). Further, it should be noted that if different periodicities 


are allowed, there will be an associated variability in the experienced delay for de


livering the MsgA towards the gNB. 


Hence, based on the above, we propose to have only support for same value of periodicities for MsgA PRACH and 


PUSCH.


 


Proposal 1: 


MsgA


 


PRACH and PUSCH should operate using the same periodicity only.


 


From RAN1 #97, there is an o


pen point 


related to


 


“


FFS whether or not support repetitions for msgA PUSCH


”. In 


the 


current RACH procedure design for NR it is not possible to have repetitions co


nfigured for Msg3 transmissions


. It should 


be noted that in case MsgA PUSCH should have the possibility for repetitions, such operation would significantly increase 


the overhead needed for the 2


-


step RACH procedure. Any MsgA PUSCH resources that are config


ured for the 2


-


step 


RACH operation will have to be reserved from system point of view and would increase the system overhead 


depending 


on the number of allowed repetitions 


with marginal benefit.


 


If a UE is in coverage challenged situations, it should be 


al


lowed to perform normal 4


-


step RACH, where the scheduling of Msg3 would allow for more flexibility in terms of 


providing the needed coverage through better control of interference and power control.


 


Proposal 


2


: MsgA


 


PUSCH should not support repetition.


 


Also, from RAN1#97 and RAN1#98, there is another 


open item 


related to


 


“


FFS bandwidth of PRB


-


level guard band or 


duration of guard time


”. When observing the work item description 


[1]


, there is strict RAN plenary guidance through the 


following: “


?


 


No new CP length and no sub


-


PRB guard subcarrier(s)


”. Based on this, it would be natural to consider any 


guard bands or guard time to be a


pplied with the granularity of either PRBs for the frequency domain or symbols for the 


time domain. With respect to the frequency domain, a guard band of a single PRB should be sufficient for ensuring gNB 


possibility for filtering the MsgA PUSCH from regul


ar scheduled PUSCH transmissions. For some cases the gNB may 


have capability of handling concurrent UL transmissions with no guard band between MsgA PUSCH and scheduled 
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